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Multiband superconaductivity

Suhl, PRL 1959
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the two gaps, novel dynamics
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* |ntrinsically interesting extension
of superconductivity

* Allows for the interplay between
the two gaps, novel dynamics

* |ncreasing number of materials
are found to be multiband
superconductors

Qur interest: is the specific material SrTiO3 (STO) and the
interface between LaAlO3 (LAO) and STO a multiband

superconductor?



Examples of Multiband SCs

. MgB2 (2001)

* Fe based superconductors (2008)

Nagamatsu, J. et al., 2001

e various heavy fermion SCs
(PrOssSb12 (2005), CePtssi

Seyfarth, PRL 2005 Mukuda, JPSJ 2009
uranium compounds...)



Detecting Multiband SC

* Junnelling spectroscopy:
multiple coherence peaks
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Strontium Titanate (STO)

Wide bandgap insulator, bandgap
~3eV

Doping with Nb, La or oxygen
vacancies make it conducting

Mannhart, Nature 2004

Ferroelectric instability - nearly
developed

Has been studied experimentally &
and theoretically for 50 years O \‘
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Miller, PRB (1979)



Superconductivity in STO

First oxide superconductor to [T i
be discovered
§ 0.3~ o Theory 9/8(’;,‘:'\
Doping-tunable SC dome ]
0.1 |- 0‘8/%6/ "\\\.
Inspired the search which BT — LSt
resulted in high Tc cuprate SC Koonce et al PR 163 380
First material discovered to be . v 1L
a multiband supeconductor N I R
RINIEE

v.d.Marel, PRB 2011 Binnig, PRL1980
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Superconductivity in STO
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| AO/STO interface

Like STO, LaAIO3 (LAQO) is also an insulator (band gap
~ 5eV)

But: when interface pure STO and LAO find a metallic
interface layer
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| AO/STO interface

e Like STO, LaAIO3 (LAQO) is also an insulator (lband gap
~ 5eV)

e But: when interface pure STO and LAO find a metallic
interface layer

S [=Ted 1 0] 1 [ ——————— LAO

gas oooooooooooo



| AO/STO interface

e Like STO, LaAIO3 (LAQO) is also an insulator (lband gap
~ 5eV)

e But: when interface pure STO and LAO find a metallic
interface layer

Electron =TT LAO

o T LI A I 2 A A R A R



| AO/STO interface

e Like STO, LaAIO3 (LAQO) is also an insulator (lband gap
~ 5eV)

e But: when interface pure STO and LAO find a metallic
interface layer

Electron =TT LAO

o T LI A I 2 A A R A R



Superconductivity at the LAO/STO interface

 Metallic layer turns superconducting at
low T

e For 3 layers of LAO, STM | AT
superconducting areas can be o w0 20 0

T (mK)

patterned with STM on nm scale oo Seience 2007

 Holds the promise for SC circuits and
devices

3 unit cell LaAlD,

Cen, Nat. Mat. 2008



Central question: What is the relation
between bulk and interface STO?

e Jcis similar (=300mK), robust to quality variations of
the sample/interface material

* As a function of doping/gate voltage a narrow
superconducting dome appears.
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s LAO/STO a mu\tlband SC, like STO’?

Probes which have tried to

address this issue
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s LAO/STO a multiband SC, like STO?

Other potential probes
 Heat transport
 Heat capacity

* impractical for interface
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Suggest looking at the upper
critical field Hqso as a probe for
multiband superconductivity

in LAO/STO



He.o as a probe for multibanao
SC in LAO/STO and STO

Hco Is one of the few probes applicable both to the bulk
and interface system

* Calculate expected Hc2 behaviour for both bulk and
iINntertface

e Show characteristic multiband behaviour

* Allows direct comparison of bulk and interface system



Disordered bulk STO: quasiclassical Usadel equations

e Solve linearised Usadel equations with a B-field H || Z.

= 2A,,

dmiH A2 H? x?
wam—Dm<Vi+V§+Vg+ i - & CE)fm

®o Vy o5

m: band index (€ {1, 2}),
D,,,: Diffusion coefficient in the band
fm: quasiclassical anomalous Green’s function

e Linearised: valid for infinitesimal gaps A, so at 7..

e 2-band gap equation:

A: coupling constants

e Solving this equation gives pairs (H,T') and since T' = T, (linearised equa-
tions) we get pairs (Heo, T¢).



Results for Heo

JME & Balatsky, arXiv:1401.5318

Solve for two sets of parameters:

Hc2/ c2 (O) HCQ/HCQ(O)
1.0 R~. e n = 0.01 1.0 ——
A n = 0.05 ’ .~. ot n = 0.01
R 7 =0.10 . e n =0.05
‘. \. — — 77:100 \\. — 77:050
. \\ ' \\\ —— 7 =1.00
0.6 ‘< 0.6 | N
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0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Parameters: Fernandes, PRB 2013 Parameters: Bussmann-Holder, Ferroelectrics 2010

Mg = 0.14, dog = 0.13, A2 = 0.02 Ay = 0.3, Aoy = 0.1, Ayp = 0.015



Interface system

Thin superconducting layer

LAO layers

® ®
@@g@ d

bulk STO

* retain Vzterm in the Usadel equation

* |ncorporate the eftects of Rashba spin-orbit coupling



FINnite thickness

need to retain Vzterm In

wam =0 (v:% =+ V? 4772;5{22:132) fm = 2A,,
0

At the boundary to the vacuum, A =0

An an interface between a SC and a metal 42 = 0

thickness: d~12 nm A

A
v2_, VAC 'LAO STO
z 7 4d?

Incur an extra energy
cost: effectively

Increases | |

> 2




Spin-orbit coupling (SOC) at the interface

Due to inversion symmetry breaking get strong

Rashba SOC

Leads to a moditication of the momentum operator,
anomalous Green'’s function 7 becomes a matrix

1M,

h

Vaf = Vaf -

0,, f] a:SOC coupling strength

singlet and triplet components _ |
of 1 get coupled

0.04¢

Concentrate on dominant
singlet component

0.02}

0.00¢

singlet f gets energy penalty 10

10

14



| AO/STO results
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Conditions under which H_, is a useful probe

Hc?2 Is useful when

HCZ/HCQ(O)
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Hc2 and superfluid density are complementary
probes

o Superfluid density useful when: A11 > A2

Aon/Ay; =0.33

1.0

Mg/ A1 =0.97

o8l — Ptot | sl
- P1
0.6 — Py |7 0.6
S§ \ S
0.0 0.2 0.4 T/TC 0.6 0.8 1.0 0.0 . 4 T/TC . . .
following Kogan, PRB 2009
e Upper critical field Hc2 useful when:  A11 = Ao

measure onset of SC



summary

Multiband superconductivity: Two or
more gaps open

Various techniques for detecting MBSC

LAO/STO interface: metallic layer
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° Thank you!




